Solution studies were performed pH-metrically to study the interaction of Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) metal ions with 5-fluorouracil (5FU) and histamine (Hm) separately (binary) 
INTRODUCTION
5-Fluorouracil (5FU), a mono fluorinated product of uracil, has entirely different biological properties than uracil [1] . Since the time of its synthesis, 5FU has been increasingly employed alone or in combination with other cytotoxic drugs and hormones in the medical treatment of solid tumours. It has also been used in the treatment of breast, lung, ovary and cervix carcinomas [2] . The antitumour properties of 5FU against different tumour systems has also been found to be significantly enhanced by the co-administration of guanosine (in any combination) resulting in therapeutic synergism [3] . The mechanism of action of 5FU is not well known. In 1986, Joshi et al. [4] suggested that the 5FU is anabolised to 5-fluoro-2"-dexoyuridylic acid, a potent competitive inhibitor of thymidylate synthetase, and the enzyme which normally converts 2"-deoxyuridylic acid to thymidylic acid as essential component of DNA. This is due to the presence of fluorine atom at the critical C-5 position. Since 5FU and its anabolites are concentrated in cancer cells, this enzymatic blockade inhibits tumour growth by causing thymineless death of neoplastic cells. Histamine (Hm), a decarboxylated product of histidine, is a potent vasodilator and is released in certain tissue as a result of allergic hypersensitivity or inflammation. Histamine also plays an important role in diseases. The antitumour properties of 5FU and scanty information on its metal complexes in combination with histamine as antitumour agent encouraged to undertake solution, solid and antitumour activity studies of 5FU-Histamine mixed complexes. Although several workers have reported the antitumor properties of 5FU and its metal complexes [5] , also the solution studies on 5FU [6] and histamine separately [7] , the work on the chemotherapeutic properties of 5FU-histamine metal complexes is not available in the literature. In Fig. 2 , the titration curves b and d account for the association of metal ions with 5FU (curve b) and Hm (curve d), respectively. The overall stability constant for each binary system, M-5FU as well as M-Hm was evaluated by using the method described earlier [8] and the BEST computer programme [9] . The order of stability of 1:1 binary system of 5FU and Hm is Co(II)<Ni(lI)<Cu(II)>Zn(II)>Cd(lI), which is in conformity with Irving-William's order. Although the Cu(II) complexes should have higher stability as compare to the Co(II) and Ni(II) complexes but it has been found to be unusually higher than could be expected from the ionic radii and electronegativity considerations. It may be attributed to the unique electronic configuration (d9) of the Cu(II) ion which is capable of additional stabilization due to the JahnTeller distortion [10] . In addition to this, the Hm molecule is supposed to be the more basic than 5FU, hence M(II)-Hm systems should be more stable than the corresponding M(II)-5FU systems, which is also supported from the results presented in Fig. 3 as representative graph. Fig. 3 indicates the presence of free metal and 1"1 neutral complex of M-5FU in solution around pH 2.0. Their concentration start decreases with increase of the concentration of neutral species of M-Hm and M-5FU-Hm and attain almost a zero value at higher pH range. From the species distribution curve it can be stated further that the hydroxo species of ternary complex predominate the neutral species (i.e. 100% at pH 10.0) being formed comparatively in small amounts in the lower pH range under investigation. Again formation of (1:1) neutral species suggests the bidentate nature of both the ligand in binary system. Same pattern of species distribution occurs in the ternary system of other metal ions. At pH 2.0, free metals are present in 73% to 91% amount. Association of 5FU with each metal ions start at very low pH range (-2.0) resulting in the formation of M-5FU species in which metal ions distributed as: 12% for Co(II), Cu(II) and Zn(II); 8.5% in Cd(II) and 24% in Ni(II). Table 2 .
Infrared studies
The infrared spectrum of 5FU is reported in the literature [5a] and IR band assignments for histamine have been made by comparing its spectrum with various amino acids reported in the literature [11] [12] [13] . Table 3 records some important infrared data for the ligands and their mixed complexes. Histamine Ligand 5FU and its mixed complexes were also tested for their inhibitory effect on 3H-thymidine incorporation in Dalton's lymphoma, Sarcoma-180 and L-929 tumour cell in vitro at 51ag/ml, 10tag/ml and 201ag/ml doses. It is observed that most of those compounds which caused inhibition of 3H-thymidine incorporation with Dalton's lymphoma, Sarcoma-180 and L-929 tumour cells, also showed antitumour activity in vitro (Table 8) . The other compounds which were found ineffective antitumour agent in vivo were also tested but they were found to have no inhibitory effects in vitro also, hence their results are not shown in the In each case, the total volume was maintained at 50.0 ml and ionic strength 0.1 M (NaNO3).
Preparation of the complexes Solution of (lm mole) metal nitrates in 15 ml ethanol and 5FU (lm mole) in 30 ml ethanol were obtained by heating. Both the warm solutions were mixed and the volume of the resultant mixture was reduced to about 50% by heating with constant stirring. The precipitates were obtained at-pH 8 by adding aqueous sodium hydroxide solution. Keeping the precipitates in an ice bath and on adding an aqueous solution of (lm mole) histamine to it, a clear solution was obtained. The solid complexes were obtained by concentrating the above solution at 60 C to 5 ml and on adding diethyl ether. The precipitate was filtered washed with absolute ethanol several times, finally with anhydrous diethyl ether and dried at-50 C. 
